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Chrysciova quinquecirrha, the common sea
nettle infests the Chesapeake Bay waters dur-
ing the summer season. This coelenterate
causes a severe economic problem for this re-
sort area because of the painful sting it ia-
flicts upon bathers who accidentally come in
contact with its tentacles. These stings are
thought to result from the injection of nemato-
cyst threads and the introduction of a toxin
into the vidtim's skin (1). The pathogenesis of
the resultant cutaneous eruption is not well
understood. The morphology, discharge mech-
anism and chemical properties of the toxin of
Cliv ysaora nernatocysts were therefore investi-
gated in order to further define the patho-
physiology of sea nettle stings.
MATERIALS AND METHODS
Adult stages of Chrysaora quinquecirrhci ob-
tained from the Chesapeake Bay were stored in
4 liter buckets filled with bay water (salinity
1.5%) (Fig. 1). The tentacles and lappets were cut
away from the disc-like body with scissors and
were treated in one of two ways. Some tentacles
were ground in a blender at 4°C for 30 seconds,
passed through a 80 sieve and centrifuged at 1500
RPM for 5 minutes. Other tentacles were hy-
drolyzed at 4°C in bay water for 7 days with daily
changes of water (3X volume).
Attempts were made to rupture the nematocysts
by numerous methods (2). Physical means in-
cluded three cycles of freezing (—60°C) and thaw-
ing (25°C), heat. sonication' (1 amp.—30 sec.),
* From the Division of Dermatologyt and De-
partment of Medicine,t University of Maryland
School of Medicine, Baltimore, Maryland, The
Natural Resources Institute of the University of
Maryland, Solomons, Maryland, and the De-
partment of Anatomy, The Johns Hopkins Uni-
versity School of Medicine, Baltimore, Maryland.J
Presented at the Twenty-nmth Annual Meeting
of the Society for Investigative Dermatology Inc.,
June 16—18, 1968, San Francisco, Calif.
This study supported in part by grants-in-aidfrom the U. S. Bureau of Commercial Fisheries,
and Maryland Dept. of Chesapeake Bay Affairs,
Grant 14-17-007-959 and the U. S. Dept. of Health,
Education and Welfare, Grant 1 ROl UI 00642-01.
The authors gratefully acknowledge the assist-
ance of Mr. C. E. Scarlett, Jr., J. David Hardy
and James Edmunds III in obtainmg fresh speci-
mens and bay water, and of Louis E. Harmon,
M. D. for aid in photography.
Sonifier, Bronson Instruments, Danbury, Conn.
homogenization2 (100,000 RPM for 8 mm.), pul-
verization for 3 mm. with a motor driven grinder
and electric shock (1OV—lm amp.). The electric
impulse was conducted between Ag-AgC1 elec-
trodes immersed in bay water. An oscilloscope was
connected to the system to show that the current
was delivered.
Rupture or lysis of nematocysts was also at-
tempted by treating the suspensions with the
chemicals listed on Table 2. Papain extract was
obtained from the Baltimore Spice Co. and
gamma aminobutyric acid was purchased from
California Corporation for Biochemical Research,
Los Angeles. During these experiments the nema-
tocyt suspensions were counted in a hemocytom-
eter before and after exposure to each agent.
The total number and the percentage ruptured of
each nematocyst type was recorded. The measure-
ments of each type of nematocyst were calculated
with an optic micrometer.
Adult mice were obtained from the University
animal farm. All toxicity determinations were
made by injecting serial twofold dilutions of the
unknown intraperitoneally into at least 3 mice
per dilution. The Reed-Muensch formula was used
to calculate the LD (3).
Several mice, receiving 1/12-1 LD50 IP, were
sacrificed at varying times ranging from 6 hours
to 7 days after inoculation. An autopsy was per-
formed on these animals and specimens of the
pancreas, heart, lung, kidney, liver and spleen were
studied microscopically. Control animals were
inoculated with identical amounts of nitrogen
(bovine albumin) dissolved in bay water. Nitrogen
concentrations in all inocula were determined ac-
cording to the Icjeldahl technique (4).
Several experiments were performed which were
designed to localize the toxin after the nemato-
cysts were ruptured. Nematocyst suspensions, af-
ter treatment with various rupturing agents, were
centrifuged and the nitrogen concentrations and
the LD5o of both supernatants and sediments were
determined.
RESULTS
Thirty jellyfish of varying sizes yielded 1520
ml of tentacles weighing 120 g (density =
0.79). Only 1.56% of this mass was recovered
after lyophilization.
Four nematocyst types were identified. Type
I, the largest forms, were oval and measured
15 x 20—25 (Figs. 2, 3, 4). These structures
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Fio. 1. Adult stage of Chrysaora quinquecirrha. ('A life size)
were atrichous isorhizas which contained a
"football shaped" meshwork of tight refractile
coils. This meshwork was in contact with the
nematoeyst wall only at its poles. Discharged
threads were gradually tapered, measured 400
p. or more and had no microscopically visible
barbs. Type II nematocysts were 14—16 p. di-
ameter, round structures containing 6—8 loose
coils which had multiple, equally spaced, spiral
striations (Fig. 3). Discharged threads were
also tapered and measured 150 p.. The thread
had multiple equally spaced folds along its
long axis. Type III nematocysts were oval 7 x
14 p. euryteles which contained a few loose
coils wrapped about a central bar (Figs. 3 &
4). The proximal portioa of the discharged
thread (butt) was 10 p. in length and had a
few dark indistinct dots along the edges. The
remainder of the 100 p. discharged thread was
smaller in diameter and evenly tapered. Type
IV ncmatocysts were 4—7 p. round structures
whose contents were indistinct but appeared to
be coil mcshworks (Fig. 4).
The ncmatocyst suspensions contained 2 to
3 million organelles per ml. All nematocyst
types were present; their concentrations being
18%, 4%, 55% and 25% for types I—TV re-
spectively. Approximately 7% of all types were
discharged.
The effectiveness of various physical methods
of ncmatocyst discharge is shown in Tables I
and II. Two generalizations can be made from
these studies:
(1) Nernatocysts taken from hydrolyzed
suspensions were less easily ruptured than
those from fresh suspensions.
(2) The third and fourth types of ncmato-
cysts were more difficult to lyse than the first
two types.
It was our impression from limited experi-
ments that nematocysts taken from suspen-
sions were more difficult to rupture than similar
organdIes in place on the tentacle.
The ability of chemical treatments to dis-
charge nematocysts is shown in Table II.
Strong base, dcoxycholatc, Twcen 20 and
acctylcholinc were the most successful chemical
agents in producing rupture. Other adrenergic
and cholinergic drugs were less efficient rup-
turing agents. In general the third and fourth
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FIG. 2. Type I nematocyst—A large oval structure containing a "football shaped" mesh-
work of coils (1438 X).
types of nematocysts were more difficult to
lyse. Some agents such as pilocarpine and KC1
have a selective action and affect one type of
nematocyst more than another. The results
obtained with gamma arninobutyric acid did
not appear to be pH dependent.
The intraperitoneal LD of fresh ground
nematocyst suspension (3.5 p. nitrogen/g
mouse) was less than that of the whole tentacle
(12.5 p./g) or the hydrolyzed nematocyst suspen-
sion (17.4 p./g) (Table III). Loss of toxicity was
demonstrated after: (a) lyophilization (2
fold), (b) storage at 4°C for 5 days (3 fold)
and (c) heating to 37°C for 1 hour (1.8 fold).
When freshly ground suspensions of nemato-
cysts ruptured by various physical means or
by deoxycholate treatment were centrifuged
and the supernatants tested, they were found to
contain minimal toxicity. The sediments from
all these preparations, however, were almost as
toxic as the original neniatocyst suspensions.
No gross anatomical changes were found on
postmortem examination of mice receiving Y12
to 1 LD which were sacrificed 6 hours to 7
days after inoculation. The microscopic changes
in the lungs, heart and kidneys were dose re-
lated. Fibrinlike, acellular, eosinophilic thrombi
were seen in the lung capillaries. Isolated
eosinophilic fibers with pyknotic nuclei were
scattered throughout the myocardium. Cloudy
swelling, tubular casts and sloughing of the
tubular cells especially at the corticomedullary
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Fic. 3. Type II nematocyst is a round structure with 6—8 loose coils which have multiple
spiral striations. A type III nematocyst is in the right center. This oval structure contains a
eurytele with loose coils wrapped about a central bar. Type IV nematocysts are the smaller
structures seen in the background. A small type I nematocyst is located in the right lower
corner. The structure in the left lower corner is probably a type I nematocyst. (1403 X).
junction were present in kidney specimens. The
distal tubules cells were more damaged than
those of the proximal tubules. These changes
were similar to those seen in lower nephron
nephrosis. The specimens obtained from con-
trol animals receiving injections of bovine
albumin and bay water showed the same
pathology but to a lesser degree. Chronic in-
flammatory changes presumably due to the
inoculation were seen in the pancreas of all
animals. The liver and spleen of both con-
trol and test animals were normal.
DISCUSSION
Four types of nematocysts were seen in the
suspensions. It is difficult to accurately de-
termine whether type IV nematocysts were
immature or nascent forms of other types. The
same four types of nematocyst structures were
also observed on the intact Chrysaora tentacle
(5). It is not possible to determine which
nematocysts injure humans. Type I nematocysts
with their long threads would be the main of-
fenders if it were proven that deep epidermal
penetration was necessary in order to sting.
Recently ten types of nematocytes have been
described in Chrysaora fishing tentacles (5).
Three of these cell types contain unencapsu-
lated threads which have expanded, fusiform
termthal ends, two possess euryteles and five
have isorhizas. It appears most likely that our
type I nematocyst has a large gold isorhiza,
type II has an isorhiza with part of its thread
unencapsulated, type II has either the baso-
philic or golden euryteles and type IV is an
assortment of unencapsulated threads.
Small amounts of tentacular debris were
present both in fresh nematocyst suspensions
and in those prepared by hydrolysis. However,
the toxicity to mice of our inocula was not
dependent upon this debris. Instead its lethality
appeared to reside in the nematocyst since
suspensions of these organelles had a signifi-
cantly lower LD than whole tentacle prepara-
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FIG. 4. Three type I nematocysts are in the center. Two type III nernatocysts are in the
left lower corner and one in the right middle. Several scattered type IV nernatocysts are
present (290 X).
TABLE I
A comparison of the effectiveness of physical
rupturing techniques on fresh and
hydrolyzed suspensions
Treatment
Per cent of nematocysts
discharged or lysed
Fresh
suspension
Hydrolyzed
suspensions
distilled water 1:10—18
hours
sonication—30 sec.
freeze thaw—3 cycles
grinding—3 mm
high speed homogeni-
zation 8 mm. 100,000
RPM
83
not done
87
71
72
40
4
46
67
48.5
tions. The loss of toxic activity after hydrolysis
was observed in all experiments. This activity
was not recovered in the supernatant washing
fluids since neither they nor their lyophilates
were more toxic to mice than bay water or its
lophilate. The loss of toxicity which occurred
in the hydrolyzed specimens was not dependent
upon nematocyst lysis or rupture since inocula
of the fresh and hydrolyzed suspensions con-
tained approximately the same number of
nenrntocysts.
The experiments employing chemical and
physical techniques to rupture the nernatocyst
demonstrated the stability of these organelle.
Several experiments were conducted to de-
termine the effect of sonication upon the ne-
matocyst wall. Maximal rupturing occurred
within thirty seconds. No further significant
damage occurred with subsequent treatment.
These dates indicate that those organelles
which will be ruptured or lysed by this treat-
ment will do so promtly or not at all.
We observed repeatedly that hydrolyzed
nematocyst suspensions were more stable to
rupturing techniques than nematocysts from
fresh suspensions. An explanation for this find-
ing could be that hydrolysis ruptured the
"weaker" organelles and left the "stable."
Chemical agents capable of causing nemato-
cyst rupture were quite varied. It is interesting
a
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that some agents e.g., heat, xylocaine and
pilocarpine, have a preferential action for cer-
tain nematocyst types. The cause for this
phenomenon was not determined.
The autopsy studies indicate that Chrysaora
toxin affects the heart, lungs and kidneys of
mice. Although Lane and Larson have re-
cently reported that Chrysaora toxin exerted a
toxic action upon the heart in crabs and dogs,
no pathological evidence of cardio-toxicity
could be detected (6). However, nephrotoxicity
has been frequently described as a complication
of many toxins (7).
After nematocyst rupture by either physical
or chemical means the toxin can be recovered
in significant amounts in the sediments. These
data suggest that the toxin is not released as a
free fluid after nematocyst rupture. Rather it
appears to be associated with the structural
TABLE II
The effectiveness of physical and chemical
Ireatmenis of nematocysi ruplure
Types of nematocyst
Per cent of nematocysts
discharged or lysed
j II jjj jv
grinding 83 68 71 58
freeze thaw 50 40 90 95
distilled water 90 85 52 67
deoxycholate 0.15% 90 98 82 73
heat 56° 10 mm. 26 35 0 0
boil—10 mm. 87 93 0 0
pH bay water-HC1 50 68 33 12
pHi bay water-HC1 36 43 0 0
pH9 bay water-NaOH 24 0 0 0
pHia bay water-NaOH 89 100 67 40
trypsin 0.25% 13 10 0 0
KC1O.5M 20 28 0 0
MgC12O.3M 0 0 0 0
CaCI2 0.3 M 19 41 21 7
papain 10% 13 13 0 0
ATP5X1O3M 27 0 20 0
xylocaine 1% 33 50 0 0
epinephrine 1:200 0 0 0 0
pilocarpirie 0.5% 0 0 21 8
r amiriobutyric acid 48 42 38 37
0.1 M (pH 6.25)
acetylcholine 50 mgm/ 30 27 24 22
ml
succinylcholine 0.5 5 0 24 21
g/ml
Tween 20 10% 59 55 39 38
Preparation LD&o*
Fresh nematocyst suspensions 3.5
(NS)
Whole tentacle 12.5
Hydrolyzed nematocyst suspension 17.4
Lyophilized nematocyst suspen- 9.2
5 Oll
NS stored 1 h 37°C 6.3
NS stored 1 h 56°C 16.2
NS stored 5 d 4°C 10.7
NS stored 18 d 4°C 21 .6
Homogenized NS- (supernatant) >11 .0
Homogenized NS-(sediment) 7.15
Freeze thaw NS-(supernatant) >24.0
Freeze thaw NS-(sediment) 9.0
Cholate treated NS- (supernatant) >15.5
Cholate treated NS- (sediment) 9.0
18h distilled water treated NS- 21.6
(supernatant)
18h distilled water treated NS- 8.15
(sediment)
contents of the organelle. Further experiments
will be necessary to determine which nemato-
cyst structure binds the toxin.
The chemical nature of the Chrysaora ne-
matocyst toxin is unknown. The fact that the
mouse LD of multiple batches of fresh nema-
tocyst suspension was well correlated with the
nitrogen content supports the hypothesis that
the toxin factor is a protein complex or is as-
sociated with protein. Further experiments will
have to be performed on fresh suspensions be-
cause of the thermolability of the toxin.
SUMMARY
The morphology, discharge mechanism and
chemical properties of the toxin of Chrysaora
quinquecirrha nematocysts were investigated in
order further to define the pathophysiology of
sea nettle stings. Chemical studies were con-
ducted on toxin obtained from suspensions of
nernatocysts ruptured by appropriate chemical
and physical treatments. At least four types of
nernatocyst were isolated from fresh suspen-
sions. Nematocyst rupture occurred after treat-
ment with acid, base, heat, Tween 20 or acetyl-
choline. Other cholinergic and adrenergic drugs
TABLE III
Toxicily studies of nemalocysi preparations
* Expressed as pg N2/g mouse.
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and several enzymes were less effective ruptur-
ing agents. The intraperitoneal LD of nemato-
cyst suspensions (3.5 tN2/gm mouse) was less
than that of whole tentacles. Toxicity loss re-
sulted from hydrolysis, lyophilization, freezing
refrigeration and heating at 37°C for 60 mm.
Almost all the toxic activity was localized in
sediments of chemically or physically ruptured
nematocyst suspensions. It is concluded (a)
that the toxin is membrane boimd (b) that
many types of nematocysts can be identified
(e) that isolated nematocysts are stable and
(ci) rupturing agents selectively act on various
nematocysts.
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